.-Chemical fractions, 72 in all, from four strains of Mycobacterium, four strains of Actinomyces, and four strains of Streptococceae, were tested in homologous and heterologous antisera prepared against intact cells and chemical fractions of Mlycobacterium tuberculosis.
Antigens isolated from the cytoplasm of these bacteria proved to be serologically related to each other. In contrast" most of the cell-wall antigens, except those extracted with either 30% sodium hydroxide or formamide at 100 to 130 C, were species specific. Sera prepared against the individual fractions of 3Mycobacterium reacted only with the strain of Mlycobacterium from which they were isolated.
A close serological relationship between
Mycobacterium tuberculosis and Corynebacterium diphtheriae has been shown by Kwapinski (1956) , and the cross-reactivity of cell-wall preparations from Mycobacterium, Corynebacterium, and Nocardia species in heterologous sera has been observed by Cummins and Kwapinski (1958, unpublished) . Some conclusions concerning the sharing of antigens of Mycobacterium with other species of bacteria could also be inferred from the investigations of Holm and Kwapinski (1959) , Nukada and Ryu (1936) , Waaler (1956) , Dubos and Schaedler (1956) , and Nyka (1956) .
Our studies on the serological relationships between Mycobacterium and other bacteria have now been extended to the genus Actinomyces and the tribe Streptococceae. Apart from the taxonomic aspect of these investigations, it was hoped that some information concerning the origin of bacterial species and the nature of cross-reactions of tuberculous sera with the antigens of these species could be obtained.
MATERIALS AND METHODS
The following chemical fractions, 72 in all, were employed in these investigations: 1) Eight (1 lipid, 5 polysaccharide, and 2 protein) fractions of 31. tuberculosis strain R1.
2) Seven (1 lipid, 4 polysaccharide, and 2 protein) fractions of 31. tuberculosis strain H37Rv.
3) Eight (1 lipid, 5 polysaccharide, and 2 protein) fractions of lIycobacterium bovis strain BCG. 4) Seven (5 polysaccharide and 2 protein) fractions of Streptococcus pyogenes, group A, type 27. The preparations listed above were obtained by Kwapinski's (1960) (6.5:50:23.5:20) , then drying at 100 to 105 C, turning by 900, and developing for another 16 hr in a solvent composed of n-butyl alcohol, ethyl alcohol, acetic acid, and distilled water (10:5:1:2). The amino acid spots were detected with a 0.15%, alcohol solution of ninhydrin. The serological activity of bacterial fractions was usually examined by complement fixation tests carried out at 4 C with serial dilutions of either antigens or absorbed and nonabsorbed antisera. For the agglutination test, mixtures of serially diluted antisera and bacterial suspensions were incubated for 2 hr at 45 C and for 16 hr at 4 C. The diffusion-precipitation test of Ouchterlony (1949) was inapplicable because only a few fractions, which otherwise reacted with homologous sera, were able to produce precipitin lines in the agar gel.
RESULTS
The polysaceharide fractions recently isolated showed a sugar content varying from 64 to 100%. Those obtained by drastic use of strong alkali or formamide at 100 to 130 C proved to be purer polysaceharides than others obtained by mild treatment.
The chromatographic analysis given in Table  1 revealed galactose and glucosamine in practically all fractions examined. In addition, the Mfycobacterium polysaceharides showed the presence of mannose and arabinose, and rarely, rhamnose, whereas the fractions of Streptococcus contained xylose and occasionally mannose and rhamnose. Polysaceharides of D. pneumoniae showed galactose and glucosamine almost exclusively; only three fractions contained either xylose or rhamnose (Table 1) .
Most of the protein fractions contained between 11.7 and 15.3% nitrogen, although the Both intact and disintegrated microorganisms fractions from the cell walls of Streptococcus and reacted with homologous and heterologous Mycobacterium had nitrogen contents below antisera in titers between 1:200 and 1:1,600 in 10%. Phosphorus proved to be invariably low, the agglutination test. Cross-absorption of the ranging from 0.03 to 0.50% ( with 30 % NaOH at 100 C reacted with the antisera vs. D. pneumoniae (Table 5) .
Almost all the polysaccharide fractions of D. pneumoniae extracted from the cell walls, as well as the sulfosalicylic fractions, were active only in the antisera prepared against the strain of the homologous genus. The exceptions were two formamide fractions (C14 and C18) which reacted also with antisera vs. Streptococcus and M. tuberculosis, although in considerably lower titers. All the cytoplasmic polysaccharides and nucleoprotein fractions showed a wide range of reactions with all the antisera tested. The anti-Diplococcus sera absorbed with M. tuberculosis either did not react with the homologous antigens or their titers were greatly reduced (Table 6 ).
All the fractions of A. israelii, with the exception of the polysaccharide fractions derived from the cell walls, were active in the antiMycobacterium sera (Table 7) . After the crossabsorption of antisera with heterologous or homologous strains, the reciprocal titers of antisera tested with the corresponding fractions were either completely abolished or greatly reduced compared to those in nonabsorbed sera.
The serological relationship of Actinomyces and Streptococceae has been left for further study.
DISCUSSION
The chemical composition of protein fractions, especially the pattern of amino acids occurring in all the strains investigated, is the same, which is in accordance with the results previously reported by Kwapinski (1956 Kwapinski ( , 1958 Kwapinski ( , 1960 . Contrary to this, the patterns of monosaccharides in the polysaccharide fractions vary; that is, the fractions of mycobacteria are arabinose-type and those of streptococci are xylose-type polysaccharides (Dzulynska and Mikulaszek, 1954; Kwapinski 1956 Kwapinski , 1958 In previous studies (Kwapinski, 1960) , only a polysaccharide fraction isolated from the cell walls of A. israelii displayed serological typespecificity. These investigations supply further evidence that species and type specificity are defined by certain components of the cell wall, whereas the constituents of cytoplasm bear common antigenic and serological characteristics. Thus, the cell-wall antigens alone may be expected to provide materials and means for the serological and chemical differentiation between various microorganisms, a conclusion which may also be reached from the investigations of Cummins and Harris (1956) , Baumann-Grace and Tomesik (1957) , and Vennes and Gerhardt (1959 Evaluation of the data presented enables us to put forward the following working hypothesis:
The close serological relationships of the cytoplasmic components of these bacteria suggest that all of them contained common antigens, at their origin. They probably originated from a serologically homogenous cytoplasmic body.
However, at a later stage of the evolution of bacteria, where they acquired cytoplasmic membranes and cell walls, the chemical and antigenic differentiation of the outer layers of cells began. The confirmation of this hypothesis can be expected from further studies on the serological relationships among other microorganisms, based on the examination of the components of cell walls, cytoplasm, and also capsules, as well as from studies of antigenic (serological) alterations at various stages of the development (ontogenesis) of individual cells.
